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Abstract. A few B^/ , and Ay decays induced hy b ^ s transition are studied in the Standard Model 
and in the framework of the Appelquist, Cheng and Dobrescu (ACD) model, which is a New Physics 
scenario where a single universal extra dimension is considered. In particular, we investigate the 
sensitivity of the observables to the radius R of the compactified extra dimension. 
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INTRODUCTION 

Among the ideas proposed to extend the SM, a lot of attention has recently been 
devoted to models including extra dimensions [til]. An interesting model is that proposed 
by Appelquist, Cheng and Dobrescu with so-called universal extra dimensions (UED) 
PO, which means that all the SM fields may propagate in one or more compact extra 
dimensions. The compactification of the extra dimensions involves the appearance of an 
infinite discrete set of four dimensional fields which create the so-called KK particles, 
the masses of which are related to compactification radius according to the relation 

m,j = m^-\- with n= 1, 2, .... The simplest UED scenario is characterized by a single 
extra dimension. It presents the remarkable feature of having only one new parameter 
with respect to SM, the radius R of the compactified extra dimension. 
Flavor changing neutral current processes are of particular interest, since they are sensi- 
tive to loop contributions involving KK states and therefore can be used to constrain their 
masses and couplings, i. e. the compactification radius [3]. This observation led Buras 
and collaborators to compute in the ACD model the effective Hamiltonian of several 
FCNC processes in particular in the b sector, namely B^i ^ mixing and b ^ s transitions 
such as ^ 57 and b sl^l^ [4]. In particular, it was found that ^{B — > Xsj) allowed 
to constrain l/R> 250 GeV, a bound updated by a more recent analysis to l/R> 600 
GeV at 95% CL, or io\/R> 330 GeV at 99% CL H. 

In [@] we have analyzed several B^j ^ and A^ decays induced hy b s transitions, 
finding that in many cases the hadronic uncertainties do not hide the dependence of the 
observables on R, as discussed in the following Sections for the decay modes B^ — > K*y, 
Bd^K*vv,Bs ^y,Bs (|)vv, Afc ^ AyandAfe ^ Avv. 



THE DECAYS B K*Y,K*vv AND ^ 07, vv 



In the Standard Model the b ^ sy and b svv transitions are described by the effective 
A5 = — 1 , A5 = 1 Hamiltonians 



Gf Gf cc 

Hh^,y = 4 -Ly^^y*c,On, Hi,-.svv = . V,bV*T]xX{xt) Ol = clOl , (1) 

v2 yllnsm [9w) 

involving the operators 

Ol = [mbisLo^^bR) +m,(5-/ja^^Z7L)]/vxv, OL = sf{i~ r5)^vr^(i - r5)v . 

Gf is the Fermi constant and Vij are elements of the CKM mixing matrix; moreover, 
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bR,L = — 2 — ^' ^ ~ 4^ electromagnetic constant, Ow the Weinberg angle and 
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Fuv denotes the electromagnetic field strength tensor. The function X{xt) (xt = 'jji^ 

with ntt the top quark mass) has been computed in |0,[8l]; the QCD factor r\x is close to 
one, so that we can put it to unity [jsl,!^. 

The effect of the Kaluza-Klein states only consists in a modification of the Wilson 
coefficients C7 and cl in ([1]), which acquire a dependence on the compactification radius 
R. In particular, the coefficients can be expressed in terms of functions F{xt^ 1 /7?), which 

generalize their SM analogues Fo(xf ) according to: F^Xt, 1 /R) = FQ{xt) +E,T=i Fn{xt-,Xn), 
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withx„ = ^,m„ = ^. 

The description of the decay modes B ^ K*y and B ^ K*vv involves the hadronic 
matrix elements of the operators appearing in the effective Hamiltonians ([T]), which can 
be parameterized in the following way: 



+ 



e; (M| - MiO - ■ q{p + p')n T2 (q^) + e*-q 



<K\p',e)\sy^{l-Y,)b\B{p) >= ^,vape*' P^'^ j^^^^J^^ -i[e;{MB + MK*)M{q') 

-ie* ■q){p + p'),^^^-{e* ■q)^{A3{q^)-Ao{q^))q, 

where q = p — p', and £ is the K* meson polarization vector. At zero value of q^ the 
condition ri(0) = 72(0) holds, so that the B — > ^* 7 decay amplitude involves a single 
hadronic parameter, Ti (0) . Furthermore, a relation holds the form factors A 1 , A2 and A3 : 
Mq^) = ^^^Mq^) - %t^A2{q^) together with A3(0) = Ao(0). 



We use for the form factors two sets of results: the first one, denoted as set A, obtained 
by three-point QCD sum rules based on the short-distance expansion [10]; the second 
one, denoted as set B, obtained by QCD sum rules based on the light-cone expansion 

[HI. 

Let us consider the radiative mode B ^ K*y. Its decay rate is given by: 



T{B^K*y) 



V,Xs?ml\cn\'[m)YMUl 



Ml 



(2) 



One can appreciate the consequences of the existence of a single universal extra dimen- 
sion considering Fig.[Il where the branching fraction is plotted as a function of 1/7?. The 
hadronic uncertainty is evaluated comparing the two set of form factors and taking into 
account their errors. A comparison between experimental data [[120 (represented by the 
horizontal band in the Fig. [l]) and theoretical predictions allows to put a lower bound of 
1 /R > 250 GeV adopting set A, and a stronger bound of 1/7? > 400 GeV for set B. 
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FIGURE 1. S§B^K*y versus \/R using set A (left) and B (right) of form factors . The horizontal band 
corresponds to the experimental result. 

For the mode B ^ K*vv it is interesting to consider the missing energy distribution. 
We define E^iss the energy of the neutrino pair in the B rest frame and consider the 
dimensionless variable x = Emiss/Mg, which varies in the range < x < \ — \fr 
with r = M^^t/M^. One can separately consider the missing energy distributions for 
longitudinally and transversely polarized K*: 



dx 
and 



\cl\' \p' 



{Mb + Mk* ) {MbE' - Ml. )Ai{q^ 



2Ml 



Mb+Mk* 



dx 



2Mb\p 



Mb+Mk- 



■V{q^)T{MB+MK*)Ai{q' 



(3) 
(4) 



where p ' and E' are the K* three-momentum and energy in the B meson rest frame and 
the sum over the three neutrino species is understood. The missing energy distributions 
for polarized K* are shown, for different values of the compactification radius, in the 
left part of Fig. [2l whereas in the right part of it, the branching fraction is plotted as a 
function of the compactification radius. 

Also the decay modes Bs ^ and 5^ ^ 0vv are described through the effective 
Hamiltonians ([T]). It is useful to relate the branching fraction ^^b,->^j to the measured 



FIGURE 2. Left: missing energy distribution in B ^ K*vv for a longitudinally polarized K* (lower 
curves) and a transversally polarized K* (upper curves) for set A. The dark region corresponds to SM, the 
intermediate one to l/R = 500 GeV and the hght one to l/R = 200 GeV. Right: ^b^K'vv versus 1 /R, 
with set A of form factors. 



value of ^Ba^K*°r 

This equation shows that a crucial quantity to predict ^b.^^j is the SU {3)f breaking 
parameter f defined by — ^ — \ = 1 + r . Detailed analyses of the range of values 




V'"'" (0) 
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within which f can vary are not available, yet. Using f = 0.048 ± 0.006 estimated by 
Light Cone Sum Rules (LCSR) [H] we predict: ^b.^c^j = (4-2 ±0.3) x 10"^ . This 
prediction is compatible with the recent measurement performed by Belle Collaboration 



M: i^^^^,,= (5.7l|j(.^aOl|:?(.j.O) x 10-^ 



<t>r ■ 

In the single extra dimension scenario the modification of the Wilson coefficient c-j 
changes the prediction for 3§Bs^^y^ shown in Fig. [3] where we plot the branching 
ratio versus \/R. 

Let us consider the mode Bs vv. The missing energy distributions for polarized 
mesons have expressions completely analogous to the case B — > K*vv, eqs. (I3]),(l4]). For 
computing their values, we have used Bs (j) form factors determined by LCSR [0]. 
The distributions result to be sensitive to the extra dimension, in particular the maximum 
of the distributions is always higher than in the SM. 




FIGURE 3. Left: ^{Bs ^07) vs the compactification parameter l/R. The present experimental upper 
bound is ^B.^^y < 12 x 10"^ (at 90% CL). Right: ^b.^^vv versus \/R. 



The SM prediction for the branching ratio is ^B.^tjyvv = (1.3 ±0.3) x 10^^. It suggests 
that this mode is within the reach of future experiments, although the observation of a 
final state involving a neutrino-antineutrino pair is a challenging task. The dependence 
of ^Bs^(pvv on 1/i? is depicted in the right part of Fig. [3l 



THE DECAYS ^ A7 AND A^ ^ Avv 

In the case of ^ A transitions the hadronic matrix elements of the operators Oq and 
Oi in eq. ([U) involve a larger number of form factors. At present, a determination of such 
form factors is not available. However, it is possible to invoke heavy quark symmetries 
for the hadronic matrix elements involving an initial spin=5 heavy baryon comprising a 

single heavy quark Q and a final ^ light baryon; the heavy quark symmetries reduce to 
two the number of independent form factors. As a matter of fact, in the infinite heavy 
quark limit niQ 0° and for a generic Dirac matrix Y one can write [15]: 

< A{p' ,s')\srb\Ab{P-:S) >= ma(/,/){Fi(/-v)+ )^F2{p ■v)]Tua,Xv-:S) (6) 
where ma and ma/, the A and A^ spinors, and v = -jj— is the A^ four- velocity. The form 



factors F] 9 depend on p ■ v = — (for convenience we instead consider 

' ^ 2Ma, 

them as functions of through this relation). 

A determination of Fi and F2 has been obtained by three-point QCD sum rules in 



the iuq —> 00 limit [jlq]. In the following we use the expressions for the functions Fi, Fj 
obtained by updating some of the parameters used in 1II6I1 : 



^1,2(0) 
1 +«1,2<?^+^1,2<?'' 

with Fi(0) = 0.322 ±0.015, ai = -0.0187 GeV-2, bi = -1.6 x lO^^ GeV-^, and 
F2(0) = -0.054 ±0.020, a2 = -0.069 GeV^^, = 1.5 x lO^^ GeV^^ 
The knowledge of form factors deserves a substantial improvement; in the mean- 
while, we use in our analysis the form factors in (|7]) stressing that the uncertainties 
attached to the various predictions only take into account the errors of the parameters of 
the model chosen for Fi and F2. 

The A^ Ay branching ratio can be related to that of — > K*'^Y through the 



expression: 



_ . Vf, , Ma F2{(>)YIm,, Ml -Ml y r^^ ^ 

Using the ratio of form factors obtained from (|7]) and the form factor Ti in fv^, we 
predict: SSK^^Ky = (3.4 ±0.7) x 10^^. As for the effect of the extra dimension in 
modifying the decay rate, in Fig.|4]we show how S^Kh^Ky depends on 1 jR. 

For the mode A^ — »• Avv, in Fig.|4](right part) we plot the dependence of the branching 
ratio on XjR. The SM value is expected to be ^Ki^—^kvv = (6.5 ±0.9) X 10-^ 



These results suggest that these processes are within the reach of LHC experiments. 
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FIGURE 4. 

S^K],^Ky (left) "ind ^Aj^Avv (risht) plotted as function of 1 //?. The uncertainty shown by 
the dark band is mainly due to the errors on the form factors of the model 



CONCLUSIONS 

We have studied how a single universal extra dimension could have an impact on several 
loop induced B^ ^ and decays. For the B ^ K*y mode, the uncertainty related to 
the form factors does not obscure the sensitivity to the compactification radius. From 
the comparison between predictions and experimental data we obtain a lower bound of 
\/R> 300 — 400 GeV. Then, we have found that hadronic uncertainties are not large in 
case of Bs decays, whereas for A/, the situation is more uncertain. These results can be 
useful for the Physics programs at the hadron colliders. 
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